Abstract. Kidney tissues from 20 cattle infected with Leptospira interrogans serovars hardjo, pomona, or grippotyphosa were cultured on the day of slaughter and 3, 6, and 8 days later to examine the effect of storage time on the recovery of leptospires by conventional culture methods. Leptospires were isolated from 85% of infected bovine kidney tissues cultured on day 1, and from 95%, 90%, and 90% of kidney tissues stored in transport medium at 4 C for 3, 6, and 8 days, respectively, prior to inoculation of culture media.
Leptospira infection is usually diagnosed in the laboratory by performing the microscopic agglutination test (MAT) 2 on serum. The limitations of the MAT have been described. [15] [16] [17] Demonstration of leptospires by fluorescent antibody test (FAT) or isolation provides definitive evidence of infection 6, 7 In addition, isolation of the organism provides the antigen needed for identification of the infecting serovar. Improvements in media formulations 4,5,10 and isolation techniques 6, 18 have increased the recovery rate of leptospires in the laboratory.
One percent bovine serum albumin (BSA) solution has been used as a specimen diluent 3 and as a transport medium for submission of samples to laboratories for Leptospira isolation. A generally accepted principle is that specimens must be cultured as soon as possible after collection to isolate Leptospira interrogans serovars. 8, 19 However, serovar canicola has been recovered from porcine kidney tissue stored at 4 C for 12 days. l3 Serovar pomona has been isolated from naturally infected swine kidneys held at 0 C for 14 days and -15 C for 30 days. 9 In another study, leptospires were isolated from a significant number of aborted bovine fetuses when proper culture techniques were used, even though some fetuses had undergone advanced autolysis. 7 The rate of destruction of leptospires by urine and products of tissue autolysis is more rapid during storage at 20 C than at 4 C. 8 Leptospires are more likely to remain viable in fetal tissues if specimens are held at 4 C rather than being frozen. the effect of storage time on the recovery rate of leptospires from infected bovine kidney tissues.
Materials and methods

Sources of specimens.
Kidneys from 8 cattle experimentally infected with bovine serovar hardjo isolates and 400 bovine kidneys with gross lesions suggestive of Leptospira infection obtained from a slaughter plant were collected for Leptospira isolation. Of the experimentally infected cattle, 1 heifer was inoculated intravenously with a single dose of 10 6 leptospires and 7 heifers were each inoculated 4 times by conjunctival installation of l0 8 leptospires on days 1, 2, 3, and 21 (C. A. Bolin, National Animal Disease Center, personal communication, 1988). Shedding of leptospires from the heifers was confirmed by culture or FAT of urine samples taken at irregular intervals between inoculation and euthanasia of the cattle at 2-4 mo postinoculation. Slaughter-plant specimens were collected from mature cows and bulls recently culled from cow-calf operations because of age, reproductive failure, or other physical problems. Lesions observed in the slaughter-plant specimens were interstitial nephritis, petechial hemorrhages, fibrosis, and infarctions. Kidneys were placed individually in plastic bags and transported to the laboratory in Styrofoam containers with ice packs.
Specimen preparation. Four samples were taken from each kidney with 10-ml single-use syringes that had been modified inserted into the kidneys to a depth of 2-3 cm and were rotated to cut the tissue loose. The core samples, which contained both cortical and medullary tissue, were separated from the remainder of the kidney by prying them out with the tip of the modified syringe. Size of samples ranged from 2.5 to 3.5 g. One sample from each kidney was cultured within 24 hr after collection. Three samples were placed in polypropylene bottles containing 18 ml of 1% bovine serum albumin (BSA) solution with 200 µg/ml of 5-fluorouracil (5-FU) and held at 4 C for periods of 3, 6, or 8 days before being cultured.
Culture technique. Specimens were placed in plastic bags a with 30 ml of 1% BSA solution and were homogenized. Three serial lo-fold dilutions of homogenates were made in 1% BSA solution, and from each dilution OS-ml aliquots were inoculated into 9-ml quantities of polysorbate-80 bovine albumin (P80-BA) semisolid medium containing 200 µg/ml of 5-FU. Cultures were incubated at 29 C for 16 wk and were examined by visual observation and darkfield microscopy on a weekly basis for 4 wk and twice a month thereafter. Isolates were subcultured in P80-BA medium immediately after darkfield confirmation of Leptospira growth. Bacterial and fungal contaminants were removed from positive cultures by dilution (1:20) in P80-BA liquid medium and filtration through 0.45 or 0.22-µm filters." Isolates were identified to the serovar level with agglutinin-absorption tests as previously described.
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Results Leptospires were isolated from all kidneys from the 8 experimentally infected cattle and from 12 (3%) of 400 kidneys obtained from the slaughter plant. Of the 32 kidney tissue samples taken from the 8 experimentally infected cattle, 32 (100%) were culturally positive. Of the 48 kidney tissue samples taken from the 12 naturally infected cattle, 40 (83%) were culturally positive. Of the 20 combined experimentally and naturally infected kidneys, leptospires were isolated from 17 (85%) of those cultured on day 1, 19 (95%) on day 3, 18 (90%) on day 6, and 18 (90%) on day 8 (Table 1) .
Leptospires were found in first dilutions of 20 positive cultures, in second dilutions of 11 cultures, and in third dilutions of 9 cultures, and were recovered from 4 contaminated cultures. Leptospires recovered from experimentally infected cattle were identified as serovar hardjo. Of the 12 isolates from slaughter-plant specimens, 6 (50%) were identical to the kennewicki strain of serovar pomona, 5 (42%) were identified as serovar hardjo, and 1 (8%) as serovar grippotyphosa (Table 1) .
Discussion
Delays of 3, 6, and 8 days between collection of samples and inoculation of media were used to simulate various lengths of time needed for transportation of specimens to a diagnostic laboratory. Isolation from 95% of positive tissues on day 3 and 90% on days 6 and 8 indicates that leptospires can be recovered from a relatively high percentage of infected kidney tissues held in transport medium under refrigeration. Most specimens are received in diagnostic laboratories within 3 days after collection. A summary of data from 277 submissions sent to the National Veterinary Services Laboratories for Leptospira isolation from 9 states during fiscal year 1987 indicated a range of l-7 days (mean 2.2) between collection and receipt of specimens (D. A. Miller, National Veterinary Services Laboratories, unpublished data, 1987). The results of this study indicate that the probability of isolation from infected tissues received within this range of time is relatively high Although specimens are not shipped under a controlled temperature of 4 C as used in this study, they can be protected from undergoing severe autolytic changes by shipping them with ice packs in well-insulated containers. The beneficial effect of 1% BSA and selective inhibitors that prevent overgrowth of other bacteria may increase the survival rate of leptospires during shipment to a diagnostic laboratory.
A difference was observed between the percentages of culturally positive samples from experimentally infected cattle ( 100%) and naturally infected cattle (8 3%). There are at least 2 possible explanations for this difference. First, the experimentally infected cattle were inoculated with serovar hardjo strains that had been passaged twice in P80-BA medium since they were originally isolated, and these strains might have become less fastidious than field strains because of medium adaptation. Secondly, there was probably a difference in stages of infection between the 2 groups. The experimentally infected cattle were euthanized at 2-4 months postinoculation and were actively infected as evidenced by frequent demonstrations of leptospires in the urine by isolation or FAT. In a previous study, rates of identification of leptospires with culture or silver stain techniques were higher in acute clinical cases than in subclinical cases, whether experimental or natural.' Limited histories of the naturally infected cattle indicated that they were culled from cow-calf No attempt was made in this study to compare isooperations because of age, reproductive failure, or other physical problems. The lesions observed in these culled animals were suggestive of chronic infections in lation rates from tissues stored at 4 C and ≤0 C. Alwhich the number of leptospires is low and leptospires are not distributed uniformly throughout the kidney.' though leptospires were isolated from frozen swine kidUrinary shedding in the chronically infected animal is often intermittent, and urine cultures are frequently negative. Culturing multiple kidney samples from this type of animal could be expected to increase the isolation rate. 
